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FIG. 3

o110 DETERMINE THE LUMINANCE
CONTROL TARGET VALUE
5120 CALCULATE THE DEAD ZONE
OF BRIGHTNESS VALUES
5130 DERIVE THE CAPTURE-
OBJECTIVE BRIGHTNESS VALUE

5140

1S
BRIGHTNESS VALUE
WITHIN THE DEAD
ZONE?

YES

ADJUST SHUTTER SPEED AND
3150 AMPLIFIER GAIN OF CAMERA
(SELECT NEW LUMINANCE

CONTROL MAP BASED ON
LUMINANCE CONTROL TARGET
VALUE AND CAPTURE-OBJECTIVE
BRIGHTNESS VALUE)

END
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FIG. 4(a)
LUMINANGE CONTROL TARGET
VALUE FOR ROAD SURFACE
BRIGHTNESS MEASUREMENT
DAYTIME- ; E
USE TARGET
VALUE ; ;
------- S
NIGHT-USE 71— T
NIGHT DAY MAP No.
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FIG. 4(b)

LUMINANCE CONTROL TARGET
VALUE FOR OBSTACLE BRIGHTNESS
MEASUREMENT
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FIG. 4(c)

LUMINANCE CONTROL TARGET
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FIG. 6
(" SCENE BRIGHTNESS MEASUREMENT )

ACQUIRE LUMINANCE VALUES OF PICTURE ELEMENTS

5131 OF BRIGHTNESS MEASUREMENT REGION AND CONVERT
TO CORRESPONDING BRIGHTNESS VALUES OF

EXTERNAL SCENE BY APPLYING LUMINANCE CONTROL

MAP AND LUMINANCE CONTROL TARGET VALUE

5132 EXCLUDE RESPECTIVE SETS OF HIGHEST AND LOWEST
BRIGHTNESS PICTURE ELEMENTS FROM EACH
PICTURE LINE OF BRIGHTNESS MEASUREMENT REGION

5133 CALCULATE RESPECTIVE AVERAGE BRIGHTNESS
VALUES OF THE PICTURE LINES OF BRIGHTNESS
MEASUREMENT REGION

FOR EACH PICTURE LINE OF BRIGHTNESS
MEASUREMENT REGION, ACQUIRE PLURALITY OF
AVERAGE VALUES THAT WERE CALCULATED AT
RESPECTIVE PREVIOUS TIME POINTS AND STORE
THE AVERAGE VALUES IN BUFFER REGISTERS

5134

FOR EACH PICTURE LINE OF BRIGHTNESS MEASUREMENT
5135 REGION, EVALUATE TIME-AXIS VARIATIONS IN THE
CORRESPONDING-SUCCESSIVELY CALCULATED
AVERAGE BRIGHTNESS VALUES, IF NECESSARY, PERFORM
TIME-AXIS FILTERING BY AVERAGING PROCESSING

3136 PERFORM WEIGHTED AVERAGING OF THE AVERAGE
BRIGHTNESS VALUES OBTAINED FOR THE PICTURE LINES
OF THE BRIGHTNESS MEASUREMENT REGION, TO OBTAIN
PRELIMINARY CAPTURE-OBJECTIVE BRIGHTNESS VALUE

EVALUATE TIME-AXIS VARIATIONS IN SUCCESSIVE
5137 CAPTURE-OBJECTIVE BRIGHTNESS VALUES AND
PERFORM LOW-PASS FILTER PROCESSING IF
NECESSARY TO OBTAIN CAPTURE-OBJECTIVE
BRIGHTNESS VALUE FOR USE IN EXPOSURE CONTROL
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FIG. 7

RADAR DETECTION AREA: 10~

| OBSTACLE-USE
REGION
“ | MASURENENT
ROAD (
' SURFACE- | REGION
USE REGION
i ANGLE OF VEWOF |

CAPTURED IMAGE

FIG. 8

L ANGLE OF VIEW OF CAPTURED IMAGE j'
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FIG. 10

NUMBER OF

CLEMENTS  DARK LIGHT

M~ PICTURE ELEMENT

RETAINED PICTURE BRIGHTNESS VALUE
ELEMENTS (SUBJECTED
TO AVERAGING)
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ROAD SURFACE
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EXPOSURE CONTROL APPARATUS AND
EXPOSURE CONTROL PROGRAM FOR

VEHICLE-MOUNTED ELECTRONIC
CAMERA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and incorporates herein by
reference Japanese Patent Application No. 2007-334936 filed
on Dec. 26, 2007. This application 1s also related to U.S.
application Ser. No. 12/318,145, entitled EXPOSURE CON-
TROL APPARATUS AND EXPOSURE CONTROL PRO-
GRAM FORVEHICLE-MOUNTED ELECTRONIC CAM-
ERA, and Ser. No. 12/318,146 entitled EXPOSURE
CONTROL APPARATUS AND EXPOSURE CONTROL
PROGRAM FOR VEHICLE-MOUNTED ELECTRONIC

CAMERA, both simultaneously filed on Dec. 22, 2008 with
the present application.

BACKGROUND OF THE INVENTION

1. Field of Application

The present invention relates to an exposure control appa-
ratus, for exposure control of an electronic camera which
captures successive 1mages of a region ahead of a vehicle 1n
which the camera 1s installed.

2. Description of Related Art

In recent years, vehicle-installed electronic cameras (in
general, digital video cameras, referred to 1n the following
simply as cameras) have come into use for capturing images
of a region located ahead of the vehicle, with technology
having been developed whereby the captured 1mages (sets of
digital data expressing respective captured 1mages) are pro-
cessed for such functions as recognition of white lines formed
on the road surface or detection of objects such as a preceding
vehicle. The processing results can be used to generate warn-
ing indications to a vehicle driver, control driving of the
vehicle, etc.

With such technology, 1t 1s important that the exposure of
the camera be appropriately controlled 1n accordance with
brightness of the scene which 1s being captured by the cam-
era, 1n order to maximize the reliability of recognizing white
lines on the road surface or solid objects such as preceding
vehicles, etc., based on the images captured by the camera.

A vehicle having such a camera and processing apparatus
installed therein, which are being described, is referred to 1n
the following as the “local vehicle”.

As described for example 1n Japanese patent first publica-
tion No. 6-253208 (designated as reference document 1
herein), a method of using such camera images for recogni-
tion of white lines on the road surface has been proposed
whereby two laterally extending sections are selected within
cach image. A first one of these sections 1s positioned to
contain a part of the road surface that 1s currently close to the
local vehicle, and the data obtained from the first section, in
cach of successive captured 1mages, are utilized for recogni-
tion of white lines on the road surface. The second section 1s
positioned to contain a part of the road surface that 1s farther
ahead of the local vehicle (1.e., 1s 1n an upper part of each
captured 1mage). Hence the second section contains a region
which will be subjected to recognition processing at a future
time point, determined by the speed at which the local vehicle
1s travelling. Designating the average brightness levels of the
first and second sections as b0 and b1 respectively, the differ-
ence between these 1s obtained for each of successive cap-
tured 1mages. If the difference 1s found to exceed a predeter-
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mined threshold value, then the camera exposure which will
be applied 1n capturing the next image 1s adjusted based on the
brightness value bl (i.e., by changing the camera shutter
speed, etc).

With the above method of reference document 1, 1f for
example the road surface ahead of the vehicle changes
between a brightly sunlit condition and a shade condition, the
camera exposure can be appropriately controlled for each of
successive captured images, 1.€., such as to prevent the abrupt
change 1n scene brightness from affecting the reliability of
white line detection.

However 1n an actual road environment, the brightness of
the road surface will not generally change between a sunlit
condition and a shade condition (with the change extending
unmiformly across the road surface) 1n such a simple manner.
Instead, the changes can take various forms. For that reason,
it 1s difficult to reliably control the camera exposure by such

a method under actual operating conditions.

It has also been proposed, for example 1n Japanese patent
first publication No. 2005-148308 (designated as reference
document 2 herein) to use an exposure control apparatus
whereby the brightness of the road surface ahead of a local
vehicle 1s measured for use 1n camera exposure control, while
excluding the effects of white lines (traific lane markers)
formed on the road surface. A video camera on the vehicle
obtains successive captured images of A region directly ahead
of the vehicle, and a plurality of brightness measurement
regions are determined, within each image, which are
designed to exclude these white lines. The exposure of the
vehicle-mounted camera 1s controlled based on measured
brightness values of these brightness measurement regions.
However 1t 1s difficult to form and locate these brightness
measurement regions such as to ensure that the white lines
will be consistently excluded from them. Hence 1t has been
difficult, 1n practice, to use such brightness measurement
regions for performing reliable brightness measurement
based on brightness values 1n these regions.

With a vehicle-installed exposure control apparatus, 1t 1s
necessary to achieve a high speed of processing. This can be
increased by applving processing to only a part of the picture
clements which constitute the brightness measurement
region, rather than derving brightness values based upon all
of these picture elements. However 11 this 1s done, the prob-
lem arises that dispersed large-amplitude variations may
occur 1n the brightness values of some parts of the brightness
measurement region. This 1s especially true for part of the
brightness measurement region which correspond to external
regions that are relatively distant.

One reason for this will be described referring to the
example of FIG. 17, which relates to an exposure control
apparatus in which “thinning-out” 1s applied whereby some
picture lines (rows of picture elements) 52 are excluded from
a brightness measurement region 1n a captured 1image 48, 1.¢.,
brightness values of these picture lines are omitted from being,
used 1n brightness measurement processing. The upper dia-
gram 1n FIG. 17 conceptually shows a captured image 1n
which a preceding vehicle 50 appears, with light emitted from
the tail lamps 51 of the vehicle 50 appearing 1n the image at
positions corresponding to one of the excluded picture lines
52, as indicated by the arrow 53. When pitching motion of one
or both of the vehicles occurs, then 1n a subsequent 1mage as
illustrated by the lower diagram, the light from the tail lamps
51 may correspond to positions other than the excluded pic-
ture lines 52, as indicated by arrow 54. Hence, a large increase
in the measured brightness value obtained for this image (e.g.,
average brightness of the brightness measurement region)
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will occur. Such fluctuations in measured brightness values
make 1t difficult to apply eflective exposure control.

The greater the distance of a light source such as a preced-
ing vehicle tail lamp, etc., the smaller will be the apparent size
of the light source within a captured image. Hence, such
fluctuations 1n brightness will increase 1n accordance with
increasing distance of external regions represented in an
1mage.

SUMMARY OF THE INVENTION

It 1s an objective of the present invention to overcome the
above problems by providing an exposure control apparatus
whereby appropnate control of camera exposure can be
achieved.

To achieve the above objectives, from a first aspect, the
invention provides an exposure control apparatus for per-
forming exposure control (1.e., adjusting the exposure condi-
tion by changing the shutter speed, etc., when necessary) of
an electronic digital camera such as a digital video camera
that 1s installed on a vehicle for periodically capturing images
of an external scene ahead of the vehicle as respective arrays
of picture elements having respective luminance values. The
apparatus 1s configured to convert the luminance values to
corresponding brightness values of the external scene 1n
accordance with a predetermined relationship between the
current exposure condition of the camera, the luminance val-
ues and the brightness values. The apparatus basically com-
prises extraction circuitry, calculation circuitry, measurement
circuitry and exposure control circuitry.

The extraction circuitry selects, from each captured image,
a plurality of groups of picture elements to constitute a bright-
ness measurement region. The calculation circuitry calculates
respective average brightness values of the plurality of picture
clement groups and, for each of the groups, applies time-axis
filter processing to successively obtained average brightness
values obtained for the group (1.e., which have been succes-
stvely obtained from periodically captured images, up to the
current point in time), for smoothing out variations which
may occur 1n the average brightness values. The measurement
circuitry calculates a brightness value for use 1 exposure
control, referred to 1n the following as the capture-objective
brightness value, based on respective average brightness val-
ues obtained for the picture element groups following the
time-axis {ilter processing. The exposure control circuitry
performs exposure control (shutter speed adjustment, etc.) of
the camera, based on the capture-objective brightness value
calculated by the measurement circuitry.

The mvention 1s characterized in that the effectiveness (1.¢.,
resultant degree of smoothing) of the time-axis filtering
applied to respective picture element groups is increased 1n
accordance with increasing distance of the external regions
corresponding to these groups (1.e., regions within the exter-
nal scene captured 1n an 1image). Preferably, in the case of a
picture element group corresponding to an external region
that 1s closely adjacent to (1s immediately ahead of) the local
vehicle, no time-axis filter processing 1s applied.

More stable and accurate brightness measurement can
thereby be achieved, with reduced fluctuations 1n measured
brightness due to the effects of light sources such as tail lamps
of preceding vehicles or headlamps of oncoming vehicles,
etc. More effective and reliable exposure control can thereby
be achieved.

From another aspect, the calculation circuitry is preferably
configured to judge (for each picture element group) the
extent of dispersion of brightness values within a plurality of
successively obtained brightness values corresponding to that
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group (1.¢., which have been obtained up to the current point
in time), and to determine whether or not time-axis filtering

processing 1s applied for that group, based on the judgement
result.

The picture element groups are preferably respective pic-
ture lines, each comprising a horizontal row of picture ele-
ments of a captured 1mage.

From another aspect, the measurement circuitry can be
configured to apply low-pass filter processing to a (currently
obtained) preliminary capture-objective brightness value,
1.€., low-pass filter processing using that preliminary value
and one or more precedingly obtained capture-objective
brightness values, for obtaining a capture-objective bright-
ness value that will be used 1n exposure control.

Preferably, the measurement circuitry 1s configured to
judge the extent of dispersion among a plurality of succes-
stvely obtained capture-objective brightness values (i.e., val-
ues which have been successively obtained for respective
images, up to the current point in time), and to determine
whether the low-pass filter processing i1s to be applied for
obtaining the capture-objective brightness value for use 1n
exposure control, or the preliminary capture-objective bright-
ness value 1s to be used directly, with the determination being
based upon the judgement result.

An exposure control apparatus according to the present
ivention can be advantageously implemented by processing
performed 1n accordance with a program executed by a com-
puter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a general block diagram of a vehicle system
incorporating an embodiment of an exposure control appara-
tus;

FIG. 2 shows examples of exposure control maps for use
with the embodiment;

FIG. 3 1s a flow diagram of exposure control processing,
executed by the embodiment;

FIG. 4 shows diagrams for use in describing a way of
setting luminance control target values which are used with
the embodiment;

FIG. 5 1s adiagram for describing a dead zone of brightness
values;

FIG. 6 1s a flow diagram of processing for deriving a
capture-objective brightness value, indicative of brightness in
an external region ahead of a vehicle in which the embodi-
ment 1s 1nstalled;

FIG. 7 1illustrates the form of a brightness measurement
region ol an 1mage;

FIG. 8 illustrates thinning-out of picture elements from
respective lines of the brightness measurement region;

FIG. 9 illustrates exclusion of highest-brightness and low-
est-brightness picture elements from each of respective lines
of the brightness measurement region;

FIG. 10 1s a diagram showing an example of distribution of
brightness values 1n an 1image captured by a vehicle-mounted
camera;

FIG. 11 illustrates the derivation of average brightness
values of respective lines of picture elements 1n the brightness
measurement region;

FIG. 12 illustrates a manner in which the strength of time-
axis filtering applied to successively obtained average bright-
ness values of respective lines of picture elements 1n the
brightness measurement region 1s determined;

FIG. 13 shows diagrams illustrating an operation of judg-
ing whether or not time-axis filtering 1s to be applied to a
picture element line 1n the brightness measurement region;
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FIG. 14 shows diagrams 1llustrating an operation of judg-
ing whether a capture-objective brightness value for use 1n
exposure control 1s to be obtained by low-pass filter process-
112,

FIG. 15 1s a graph which 1s used 1n evaluating the magni-
tude of fluctuations 1n successively obtained capture-objec-
tive brightness values 1n relation to a half-width value of the
dead zone;

FIG. 16 shows an example of luminance control maps for
enabling scene brightness measurement to be performed over
a wide range of external scene brightness values; and

FI1G. 17 shows diagrams for describing a problem which
causes time-axis dispersion of successive brightness values
within a captured 1image.

DESCRIPTION OF PREFERRED
EMBODIMENTS

An embodiment of an exposure control apparatus for a
vehicle-mounted camera will be described 1n the following
referring to the drawings.

1. Overall Configuration

FIG. 1 1s a block diagram showing the general configura-
tion of a exposure control apparatus 10 and 1ts relationship to
other components of a vehicle system. The exposure control
apparatus 10 1s installed 1n a vehicle (the “local vehicle) and
1s connected to a vehicle-mounted digital video camera (re-
ferred to 1n the following simply as the camera) 21 and to a
unified judgement section 22, with the unified judgement
section 22 being connected to a warming indication generat-
ing section 23 and a steering control ECU 24 as shown, Data
obtained by the exposure control apparatus 10 based on the
contents of captured images of a scene ahead of the local
vehicle are used in warning indication processing and steer-
ing control processing that are executed by the unified judge-
ment section 22.

The exposure control apparatus 10 consists of a CPU 11, a
memory section 12, an image interface 13 which transters
data of successive captured images from the camera 21 to the
CPU 11, and a communication interface 14 for executing
communication with the unified judgement section 22. The
memory section 12 includes a non-volatile memory such as a
ROM (read-only memory, not shown in the drawings) having
programs and data including a plurality of luminance control
maps (described hereinaiter) stored therein beforehand, and a
RAM (random-access memory, not shown in the drawings)
and data registers, for storing and processing data of a plural-
ity ol 1images which have been successively captured up to the
current point 1n time.

The camera 21 1s 1nstalled within the passenger compart-
ment of the local vehicle at a fixed position (for example,
beside the rear view mirror), and captures successive 1mages
(1.e., as respective video signal frames) of a region of the road
ahead of the vehicle. When 1nstalled 1n the vehicle, the ori-
entation of the camera 21 1s adjusted such as to set a specific
image capture range with respect to the direction of advance-
ment of the vehicle.

The camera 21 incorporates a usual type of CCD or CMOS
image sensor, together with a video amplifier, A/D (analog-
to-digital) converter, etc. When an image 1s captured by the
1mage sensor, as an analog signal expressing successive lumi-
nance values, the video amplifier applies a specific amount of
gain to the analog signal, which 1s then converted to succes-
stve digital values (luminance values of picture elements) by
the A/D converter, and stored as data in the memory section
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12. The CPU 11 then reads out and processes the image data,
operating separately on respective picture lines of the image,

where each picture line 1s a horizontal row ol picture elements
(horizontal scan line) of the image.

The 1mage interface 13 transiers the picture element val-
ues, together with horizontal and vertical synchronizing sig-
nals of the image, from the camera 21 to the CPU 11. The
CPU 11 determines respective i1mage positions correspond-
ing to each of the picture elements, based upon the horizontal
and vertical synchronizing signals. The picture element val-
ues are then stored in the memory section 12, in correspon-
dence with position imnformation specitying the respective
locations of the picture elements within the image.

The CPU 11 processes the image data to perform recogni-
tion of a specific type of object (target object) such as a
preceding vehicle which may be located ahead of the local
vehicle and appear in the captured images. Based on the
recognition processing results, the CPU 11 supplies position
information concerning any target object to the unified judge-
ment section 22 via the exposure control apparatus 10.

In addition, the CPU 11 controls the camera 21 such as to
appropriately capture images of the scene ahead of the
vehicle. Specifically, the CPU 11 adjusts the frame rate and
the exposure parameters of the camera 21, by generating
corresponding adjustment commands and supplying these to
the camera 21 as camera control command values. In the
following it 1s assumed that the exposure parameters of the
camera 21 are the shutter speed and video amplifier gain.

The communication interface 14 enables communication
between the CPU 11 and the unified judgement section 22, for
transierring to the unified judgement section 22 the above-
described information concerming results of target object rec-
ognition. Based on this information, the unified judgement
section 22 judges whether there 1s a danger of collision
between the local vehicle and a target object. When 1t 1s
judged that such a danger exists, the unified judgement sec-
tion 22 controls the warning indication generating section 23
to generate a warning indication to the vehicle driver. If the
danger 1s judged to be above a predetermined level, then 1n
addition to generating a warning indication, the unified judge-
ment section 22 also structs the steering control ECU 24 to
perform appropnate steering control of the vehicle. Specifi-
cally, this may be control whereby the amount of steering
assistance that 1s applied to the steering mechanism 1s
adjusted appropriately, or whereby the steering mechanism 1s
controlled to be automatically driven such as to avoid the
danger of collision.

2. Outline of Exposure Control

The camera exposure control operation of this embodiment
will be summarized 1n the following. The exposure control
apparatus 10 data has stored therein beforehand expressing a
plurality of characteristics referred to 1n the following as
luminance control maps. Each of these corresponds to a spe-
cific exposure condition of the camera 21 (specific combina-
tion of shutter speed and video amplifier gain), and expresses
the relationship between the brightness of an external scene
ahead of the vehicle which 1s captured as an 1image by the
camera 21, and resultant luminance values of picture ele-
ments of the image. The picture element luminance values are
supplied from the camera 21 as respective digital values.

FIG. 2 shows an example of such a plurality of luminance
control maps, with values of external scene brightness plotted
along the horizontal axis and image luminance (picture ele-
ment luminance values, as obtained from the camera) along
the vertical axis.
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In the example of diagram (a) of FIG. 2, it the image
luminance (e.g., average ol a plurality of picture element
values) 1s a value V (referred to herein as a luminance control
target value, which 1s predetermined as being an appropriate
value of 1image luminance), when a capture-objective bright-
ness value (measured as described hereinaiter) 1s B and the
luminance control map 11 1s being used, then this 1s a condi-
tion 1n which the camera exposure parameters (shutter speed,
video amplifier gain), determined by the luminance control
map 11, are correctly set.

Referring to diagram (b) of FIG. 2 however in which the
luminance control map No. 7 1s being used, with the capture-
objective brightness value B being as shown, the image lumi-
nance value deviates from the target value V, 1.e., takes the
value K, so that the camera exposure 1s not correctly set. In
that case the apparatus performs exposure control by select-
ing the luminance control map No. 13, so that the image
luminance will be restored to the target value V. Exposure
control 1s thereby applied such as to maintain the image
luminance close to an appropriate value, 1rrespective of varia-
tions 1n brightness of the scene that is captured by the camera.

The luminance control target value 1s determined 1n accor-
dance with the luminance control map which 1s currently
selected, 1.e., there 1s a predetermined relationship between
the luminance control map numbers and the luminance con-
trol target values, as described hereinaiter.

With this embodiment, instead of measuring the scene
brightness based on all of the picture elements of a captured
image from the camera 21 1t 1s derived based on a fixedly
predetermined part of each image, having a specific shape,
location and size, referred to as the brightness measurement
region.

The exposure control apparatus 10 of this embodiment
basically performs exposure control in accordance with the
tollowing sequence of operations (1) to (4).

(1) Determination of Luminance Control Target Value

The luminance control target value 1s determined 1n accor-
dance with the currently selected luminance control map,
based on the atorementioned predetermined relationship, and
varies between a day value and a night value. To ensure that
the control conditions do not change abruptly, the luminance
control target value varies only gradually during each transi-
tion between the day value and night value.

(2) Calculation of Dead Zone

A dead zone (illustrated in FIG. §) of brightness values 1s
determined, as described hereinafter.

(3) Derivation of Capture-Objective Brightness Value

As shown 1 FIG. 7, two adjoining regions within each
captured image constitute the brightness measurement region
of this embodiment, 1.¢., a road surface-use region for mea-
suring the brightness of the road surface, and a target object-
use region for measuring the brightness of a portion of the
external scene which may contain a preceding vehicle, 1.e., an
object which 1s to be subjected to recognition processing.
With this embodiment, respectively different forms of
weighted-averaging processing are applied to these two
regions, and a capture-objective brightness value 1s obtained
as a combination of resultant average values calculated for the
two regions.

(4) Control of Amplifier Gain and Shutter Speed

If the capture-objective brightness value obtained by
operation (3) 1s found to be outside the dead zone, an appro-
priate other one of the luminance control maps 1s selected to
be used, based upon the luminance control target value deter-
mined 1n operation (1) and upon the capture-objective bright-
ness value obtained 1n operation (3), as described above refer-
ring to diagram (b) of FIG. 2. The exposure condition (shutter
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speed and amplifier gain) of the camera 21 1s then adjusted 1n
accordance with the newly selected luminance control map.

3. Processing Executed by CPU

The CPU 11 periodically (e.g., once 1 every 100 ms)
executes a processing routine in accordance with a stored
program, as exposure control processing. In this processing, a
capture-objective brightness value 1s dertved based upon data
ol one or more 1images that have been successively acquired
up to the current point in time from the camera 21 and stored
in the memory section 12. Based on this capture-objective
brightness value, the luminance control map 1s changed if
necessary, and the camera exposure parameters (shutter
speed, amplifier gain) adjusted accordingly. This processing
will be described referring to the flow diagram of FIG. 3.

When processing begins, the CPU 11 first (step S110)
determines a luminance control target value. Specifically, a
correspondence relationship (shown as the full-line charac-
teristic 1n the diagram (c) of FIG. 4) 1s stored beforehand,
relating luminance control map numbers (e.g., the map num-
bers 1 to 17 shown 1n FIG. 2), plotted along the horizontal
axis, to luminance control target values which are along the
vertical axis. Based on that correspondence relationship, a
luminance control target value 1s derived 1n accordance with
the number of the luminance control map which is currently
being used.

At the first execution of the processing routine of FIG. 3
(when operation of the system 1s started), a predetermined
one of the luminance control maps 1s selected to be utilized,
and the corresponding luminance control target value 1is
obtained.

The correspondence relationship of FIG. 4(¢) 1s dertved by
averaging the correspondence relationships of F1GS. 4(a) and
4(b), which are respectively shown as a dotted-line charac-
teristic and as a broken-line characteristic in FIG. 4(¢). FIG.
d(a) 1s a relationship between luminance control map num-
bers (plotted along the horizontal axis) to road surface lumi-
nance control target values (along the vertical axis) which 1s
appropriate for the alorementioned road surface-use region of
the brightness measurement region (1.€., an 1mage region
containing a part of the road surface that 1s close to and
directly ahead of the local vehicle). FI1G. 4(b) 1s a correspond-
ing relationship which 1s appropriate for the target object-use
region of the brightness measurement region.

Hence with this embodiment, each luminance control tar-
get value 1s not simply determined as being approprate for an
image region which may contain a target object (preceding
vehicle) that 1s to be detected by recognition processing, but
instead 1s derived as a combination of values that are appro-
priate for a target object and for the road surface, respectively.

When the average scene brightness 1s low (1in general, at
night), luminance control maps having low numbers will be
selected for use, whereas when the average scene brightness
1s high (during daytime), maps having high numbers will be
utilized. With this embodiment as illustrated 1in FIG. 4, the
relationship between the luminance control target values and
map value numbers 1s predetermined such that a low lumi-
nance control target value 1s selected during night operation
and a higher luminance control target value 1s selected during
daytime operation. This 1s done to ensure that the apparatus
will function correctly even when large-scale increases in
image luminance occur during night-time operation (e.g., due
to light received from sources such as headlamps of oncom-
ing vehicles, etc.).

Also as shown, there 1s a gradual transition between the
night-use luminance control target value and the daytime-use
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luminance control target value, to prevent abrupt changes 1n
image luminance. Since the luminance control target value 1s
selected 1n accordance with the luminance control map which

1s currently 1n use, the gradual transition 1s achieved by appro-
priately relating the luminance control target values to the 5
luminance control map numbers.

Next 1n step S120, the dead zone 1s calculated. This 1s a
range ol brightness values for use in judging whether it 1s
necessary to adjust the camera exposure (select another lumi-
nance control map). The dead zone 1s used to prevent unnec- 10
essary irequent changes 1n the exposure condition. Specifi-
cally as shown 1n FIG. 5, designating the luminance control
map that 1s currently being used as map N, and designating,
the corresponding luminance control target value (obtained in
step S110) as 'V, the dead zone 1s defined as a scene brightness 15
range extending between the intersections of the luminance
control target value V with the two adjacent luminance con-
trol maps (N-1)and (N+1) (1.e., maps whose numbers imme-
diately precede and immediately succeed that of the currently
selected luminance control map). 20

Next 1n step S130, processing 1s performed to obtain the
capture-objective brightness value. This 1s based on convert-
ing the picture element luminance values of the brightness
measurement region to corresponding converted brightness
values by using the luminance control map which 1s currently 25
selected, and will be described referring to the flow diagram
of FIG. 6.

Firstly 1n step S131, the picture element values of the
brightness measurement region are acquired, in units of pic-
ture lines. As shown 1 FIG. 7, the brightness measurement 30
region of this embodiment 1s formed of a trapezoidal region
constituting the aforementioned target object-use region, 1.€.,

a region located some distance ahead of the local vehicle, at a
position where a preceding vehicle may appear 1n the image,
and a rectangular region constituting the aforementioned road 35
surface-use region, corresponding to a part of the road which
1s immediately ahead of the local vehicle, for measuring the
brightness of the road surface. The image luminance value 1s
measured as a combination of values that are derived from the
target object-use region and the road surface-use region. 40

Specifically, the road surface-use region has a vertical
dimension (height dimension) corresponding to an area that
extends approximately 7 to 27 meters ahead from the front of
the local vehicle, and a width dimension (lateral dimension)
determined such as to contain the two white lines which are 45
located respectively at the right and left sides of a traffic lane
in which the local vehicle 1s running.

The uppermost part of the target object-use region 1s set at
the FOE (focus of expansion) position for the camera 21. The
width of that uppermost part 1s made equal to the typical 50
azimuth extent (x10°) of a region scanned by a millimeter-
wave radar apparatus which may be installed 1n the local
vehicle, for scanning the scene ahead of the vehicle with radar
waves and judging the position, shape, speed, etc., of preced-
ing objects based on resultant reflected radar waves. 55

The trapezoidal shape of the target object-use region suc-
cessively widens towards the upper part of the road surface-
use region, 1.e., 1t 1s formed of picture lines that are of suc-
cessively increasing length, whereas the road surface-use
region 1s formed of full-width picture lines (corresponding to 60
the full horizontal angle of view of the camera 21). This shape
of the target object-use region 1s used to ensure that the
camera exposure can be rapidly adjusted when another
vehicle cuts 1 ahead of the local vehicle, 1.e., to provide a
seamless transition between detecting the brightness of the 65
road surface and detecting the brightness of a preceding
vehicle.

10

Since the external region ahead of the local vehicle that 1s
beyond the FOE will generally contain features such as sky,
buildings, etc., which are not relevant as target objects, it 1s
ensured that these are excluded from the captured images, and
so will not have an adverse effect upon exposure control.

To reduce the data processing load, thinning-out of picture
lines 1s performed (1.e., with one out of each of successive
pluralities of picture lines of the image being omitted) when
extracting picture elements constituting the brightness mea-
surement region. In the road surface-use region, thinning-out
of picture lines 1s performed at periodic spacings which are
approximately 1dentical to one another with respect to dis-
tance from the local vehicle. That 1s to say, the higher the
positions ol the lines within the brightness measurement
region, the smaller 1s made the proportion of lines omitted by
the thinning-out processing. In the target object-use region,
the thinning-out 1s performed at regular spacings, 1.¢., the
spacing between lines that are omitted by the thinning-out
processing 1s held constant.

In addition, periodic thinning-out of picture elements
within each line of the brightness measurement region 1s also
performed, as indicated conceptually by the dotted-line por-
tions 1 FIG. 8. With this embodiment, this periodic omission
of respective picture elements (1.e., of luminance values cor-
responding to these picture elements) 1s performed at 1denti-
cal spacings within each picture line.

The luminance values of the picture elements of the bright-
ness measurement region are then converted to respectively
corresponding brightness values (1.e., indicative ol brightness
values 1n the external scene) by using the currently selected
luminance control map and luminance control target value.
Referring for example to diagram (b) of FI1G. 2, assuming that
a picture element value (luminance value) obtained from the
camera 21 1s K, then as indicated by the directions of the
arrows, the corresponding converted brightness value 1is
obtained as B by applying the currently selected luminance
control map No. 7.

Next 1n step S132, for each picture line of the brightness
measurement region, the picture elements are sorted in order
of brightness value, then a fixed number of maximum-bright-
ness picture elements and a fixed number of minimum-bright-
ness picture elements of that line are excluded from further
processing.

Assuming each of these fixed numbers 1s greater than one,
the term “fixed number of maximum-brightness picture ele-
ments” as used 1n this description sigmifies “the maximum-
brightness picture element and one or more picture elements
having successively lower brightness than the maximum-
brightness value”. Similarly, the term “fixed number of mini-
mum-brightness picture elements” signifies the lowest-
brightness picture element and one or more picture elements
having converted brightness values that are successively
higher than the minimum value.

Although with this embodiment, the above exclusion pro-
cessing 1s performed based upon judging converted bright-
ness values of picture elements, 1t would also be possible to
perform the exclusion processing based upon judging the
luminance values, 1.¢., the picture element values as obtained
from the camera 21.

In the case of a road surface having a light coloration, such
as a concrete surface, dark regions on the surface (such as
portions repaired with coal tar, or joints in the roadway ) are an
obstruction to reliably measuring the brightness of the road
surface. In the case of a dark road surface, e.g., formed of
asphalt, white lines that are formed on the surface will simi-
larly hinder reliable measurement of the brightness of the
road surface. This 1s illustrated by the example of the distri-
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bution of brightness values of picture elements, for the case of
a forward-view 1mage of a road, shown 1n FIG. 10. With this
embodiment, since highest and lowest brightness values of
the brightness measurement region are excluded from further
processing as described above, such problems due to exces-
stvely light or excessively dark regions on the road surface
can be overcome.

In the case of a part of the road surface that 1s close to
(directly ahead of) the local vehicle, 1t 1s possible to compara-
tively reliably distinguish excessively high or low brightness
values resulting from white lines, coal tar patches, etc., on the
road surface. However in the case of a part of the road surface
that 1s distant from the local vehicle, 1t becomes difficult to
distinguish such regions. For that reason, the farther the dis-
tance represented by the 1mage position of a picture line (1.¢.,
the higher the location of that line within the brightness mea-
surement region) the smaller 1s made the number of picture
clement values that are excluded from the line by the exclu-
s1on processing described above. In the case of the picture
lines corresponding to the most distant part of the brightness
measurement region, no picture element values are excluded.

Next 1n step S133 as illustrated 1n FIG. 11, for each of the
remaining picture lines of the brightness measurement
region, the average of the converted brightness values of the
picture elements of the line 1s calculated, and the calculated
value 1s stored in memory for use 1n subsequent time-axis
filter processing (described heremafter). The resultant
respective average values of the picture lines of the brightness
measurement region of the current captured image are desig-
nated as B, ,, where “1”” denotes the position of the correspond-
ing line within the brightness measurement region in a range
from 1 to L, counting from the top of the brightness measure-
ment region (as illustrated in FIG. 11), 1.e., 1=1=L. The
subscript portion “t” denotes the time-axis position of a pic-
ture element (spatial-domain) average value, e.g., expressed
as a sequence number within a series of 1images successively
captured at periodic time points up to the current time point.

By excluding the highest and lowest luminance values
from this averaging processing it 1s ensured that, for each of
the picture lines of the brightness measurement region, the
(spatial) average brightness values of respective lines will
vary 1n a more stable manner over time.

Next 1n step S134, for each of the L picture lines of the
brightness measurement region, buifering 1s performed of the
respective average luminance values that have been obtained
for that picture line 1n a plurality of successively obtained
images, using a butler interval of (t~t-T). That 1s, for each of
the picture lines, a set of T (spatial-domain) average values
which have been previously successively calculated and
stored at respective time points are acquired (read out from
memory) and set in buffer registers, to be subjected to aver-
aging calculation. These buflered average values can be
expressed as:

Istline: B, ,...B, .+
i-thline: B, ,... B, ,
L-thlne:B;,...B; .+

If for example the buffering interval 1s 4, then for each of
the picture lines 1n the range 1 to L, the corresponding respec-
tive average brightness values that have been stored 1n the
memory section 12 for four successive images are acquired as
the butiered average values for that picture line.

Next 1n step S135, time-axis filtering (i.e., smoothing by
averaging processing) 1s applied to each of selected picture
lines of the brightness measurement region (these picture
lines being selected as described hereinaiter). The time-axis
filtering 1s performed by obtaining, for each of the selected
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picture lines, the average of the bullered values that have been
acquired 1n step S134, 1.e., assuming a continuous set of L
lines:

Isthne: B, ,...B, , —F,,

i-th line: B, ;... B, —F,,

L-thline: B, ,...B; ,—F;,

It can be expected that there will be only a small degree of
variation in the average brightness values of picture lines
corresponding to a region that 1s close to (1s immediately
ahead of) the local vehicle, since the brightness of such a
region will generally be determined by reflection of light from
the road surface. Hence, little or no time-axis filtering 1s
applied to picture lines of such a part of the brightness mea-
surement region. However 1n the case of picture lines corre-
sponding to a region that 1s distant from the local vehicle (1.e.,
1s close to the FOE), there may be large amounts of time-axis
variations 1n the successive average brightness values that are
obtained for these picture lines. As described above referring
to FIG. 17, these variations can result from effects such as
pitching of the local vehicle while light recerved from tail
lamps or headlamps of opposing vehicles 1s affecting the
brightness measurement region, thereby causing large fluc-
tuations 1n the successive average brightness values that are
measured for these picture lines corresponding to a distant
region, with these fluctuations (1.e., the degree of time-axis
dispersion of successive brightness values) tending to
increase 1n accordance with increasing distance of the inter-
fering light sources.

For that reason when time-axis filtering 1s applied to a
picture line corresponding to a region that 1s close to the FOE,
a comparatively long builer interval 1s used, for example
corresponding to approximately 700 ms, 1.e., averaging 1s
performed using a large number of successively obtained
values (large value of T), to thereby increase the filtering
clfect (increase the degree of smoothing).

This 1s made possible since with this embodiment, time
axis filtering can be applied individually to respective picture
lines of the brightness measurement region.

The above selective application of time-axis filtering to
picture line average brightness values 1n accordance with
distance from the local vehicle is illustrated in FIG. 12. As
indicated, the greater the distance of an1imaged region (that 1s,
the higher the position of the corresponding picture lines
within the brightness measurement region), the higher 1s
made the effectiveness of the time-axis filtering against noise
(dispersed fluctuations 1n brightness).

Conversely, no time-axis filtering 1s applied to the average
brightness values of picture lines in the part of the brightness
measurement region that 1s closest to the local vehicle.

However 1t 1s also necessary that the apparatus be able to
rapidly follow sudden changes in the scene brightness, in
particular, the road surface brightness, which can occur when
the local vehicle enters or leaves a tunnel, etc. Hence for each
ol the picture lines of the brightness measurement region, the
time-axis filtering 1s selectively applied 1n accordance with
the form of variations 1n the successive average brightness
values obtained for that line. This 1s done 1n order to suppress
fluctuations i the successive capture-objective brightness
values while at the same time achieving a fast reaction to
sudden changes in external scene brightness. This processing
1s applied to each of the picture lines of the brightness mea-
surement region.

Specifically with this embodiment, 11 the successive aver-
age brightness values that are obtained for a picture line are
found to be changing gradually over time as 1n the example of
diagram (a) of FIG. 13, 1.e., along a trend, without dispersion
of values, then time-axis filtering 1s not applied. That 1s to say,

[




US 8,149,325 B2

13

the currently calculated average value obtained for that pic-
ture line 1s used directly in calculating the capture-objective
brightness value (that calculation described hereinafter).

IT 1t 1s found that dispersed fluctuations are occurring in the
average values obtained for a picture line, as 1llustrated 1n
diagram (b) of FIG. 13, then time-axis filtering by weighted
median filtering 1s applied to a plurality of average values that
have been successively obtained up to the current point in
time for that picture line, and the result 1s used 1n the afore-
mentioned calculation of the capture-objective brightness
value. In all other cases, such as when the average values
obtained for that picture line are successively varying as
illustrated 1n diagram (c), time-axis filtering by non-weighted
averaging 1s applied to such a plurality of average values, and
the result used in the calculation of the capture-objective
brightness value.

The term “weighted median filtering™ as used herein sig-
nifies an averaging calculation 1n which greater weight 1s
given to newer data than to older data.

The above processing performed in step S135 will be
described more specifically 1n the following.

Assuming for example that T 1s 4, where the buffer interval
1s (t—0~t=T), the average brightness values of the 1-th picture
line within a buffer interval will be assumed to have the
tollowing magnitude relationships;

b i.0-1 <b i.f-3 <b ii-2 <b i.0-4 <b .00

If either of the relationships of expression (1) below 1s
satisiied, 1t 1s judged that dispersed fluctuations having an
amplitude above a predetermined limit are occurring 1n the
successive average values obtained for the picture line, 1.e., 11
the absolute difference between the newest value and the
mid-point value exceeds the halt-width (DZW/2) of the dead
zone multiplied by the time separation (1/2) between these
values. In that case, weighted median filtering 1s applied.

Bi; o—bi: 0 Z

I Bi; o— b0 I
DZW /2~ 2

DZW /2 P

(1)

If either of the relationships of expression (2) below 1s
satisfied, then 1t 1s judged that a gradual vanation (a trend) 1s
occurring 1n the successive average brightness values of that
picture line, so that time-axis filtering 1s not applied, 1.e., if the
absolute difference between the newest value and the mid-
point value exceeds the width (DZW) of the dead zone mul-
tiplied by the time separation (1/2) between these values.
Similarly, time-axis filtering 1s not applied 11 either of the
relationships of expression (3) below 1s satisfied, 1.e., if the
absolute difference between the newest value and the oldest
value exceeds the width (DZW) of the dead zone multiplied
by the time separation (1) between these values.

B, o—bi, 2 T (2)

Biso—DBi;» T
>

— Or < — =
DZW 2 D/ZW 2
B...—-B;._ B.4—B; . 3
=4 ’ID}TDI‘ Ji—4 ’ID{—T ()
DZW DZW

In all other cases, time-axis filtering by non-weighted aver-
aging 1s applied.

Next 1 step S136, as shown by equation (4) below,
welghted-averaging processing 1s applied to the set of aver-
age brightness values (of respective picture lines ) obtained by
the selectively applied time-axis filtering of step S135. The
result of this weighted-averaging processing will be referred
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to as the preliminary capture-objective brightness value,
which 1s stored 1n memory for use in subsequent low-pass
filter processing.

In equation (4), I, , denotes the average brightness value of
a picture line, and W, denotes a weighting value which 1s set
for the picture line. With this embodiment, these weighting
values are set as follows.

The preliminary capture-objective brightness value 1s
obtained as a combination (with this embodiment, an aver-
age) ol average values obtained for the picture lines of the
target object-use region and for the picture lines of the road
surface-use region. The brightness values within the road
surface-use region (close to the local vehicle) are relatively
stable, while those of the target object-use region are more
variable. For that reason, when applying equation (4) to the
picture line average brightness values of the road surface-use
region, the respective weighting values W that are assigned in
equation (4) are successively decreased 1n accordance with
increasing closeness of the region represented by the picture
line to the local vehicle. Conversely, when applying equation
(4) to the picture line average values of the target object-use
region, the value of W 1s decreased in accordance with
decreasing distance of the picture line (1.e., of the region
represented by the picture line). The value By 7.,
obtained from equation (4) will be referred to as the prelimi-
nary capture-objective brightness value.

L (4)
BimG Tempt = Z W X F,
-1

i

Next (step S137), a plurality of capture-objective bright-
ness values that have been successively obtained up to the
current point are evaluated, to determine the extent of disper-
sion of these values. If the dispersion 1s within a predeter-
mined limit, then the preliminary capture-objective bright-
ness value 1s subsequently used in performing exposure
control. If the dispersion exceeds the limit, then low-pass
filtering processing (described hereimnatfter) 1s applied and a
capture-objective brightness value that 1s obtained as a result
of this filtering 1s used 1n performing exposure control.

This low-pass filtering processing 1s performed to prevent
brightness hunting.

Operation then proceeds to step S140 of FIG. 3.

Applying low-pass filtering to obtain the capture-objective
brightness values can cause a lowering of response speed.
Hence with this embodiment, the filtering 1s applied only
when it 1s judged that there 1s excessive dispersion of succes-
stvely obtained capture-objective brightness values. The
allowable limit of dispersion of the successive capture-objec-
tive brightness values 1s determined based on the width of the
dead zone, as described in the following.

Processing relating to the above low-pass filtering 1s per-
formed 1n the following sequence of operations, 1n which P
designates the number of precedingly obtained capture-ob-
jective brightness values that are used 1n evaluating the dis-
persion of the capture-objective brightness values:

[1] Bullering of capture-objective brightness values that
have been successively measured at periodic time points up to
the current point (bufler interval: t~t-P):

BIMG#TEmpJ - BIMG#Temp?r—P

[2] Respective differences between each of these capture-
objective brightness values and the immediately-precedingly
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derived capture-objective brightness value are calculated, as
shown by equation (35) below (bufler interval: 0~P-1):

Ditt, :BIMG_Temp,r_BIMG_Temp,f—1 ... Diftp | =
BIMG_TE'}HF,,I'—(P— lj_BIMG_Temp,i—P

(3)

[3] The number of alternations in that series of capture-
objective brightness values 1s then calculated, 1.e., the number
of changes 1n s1gn between adjacent difference values (that s,
between each pair Dift, and Dift,_, within the set of difference
values Diff, . . . Difi,_;)

[4] The average absolute magnitude of the varnations 1s
evaluated 1n relation to the half-width DZW/2 of the dead
zone. Specifically, 1f expression (6) below 1s satisfied, then 1t
1s judged that C=1.0 (where C 1s a parameter in equation (8)

below). If expression (7) below 1s satisfied, then the value of
C 1s obtained from the graph of FIG. 15.

P-1 (0)
> ABS(Diff)
=0 D/ZW

P =2
P-1 (7)
Z ABS(Diff.)
=0 . D/ZW

P -2

|5] Low-pass filtering 1s then selectively applied, 1n accor-
dance with equation (8) below, to obtain a capture-objective
brightness value (B, ) for use in exposure control. That is
to say, 1f the value of C 1s obtained as 1, then the preliminary
capture-objective brightness value obtained 1n step S136 1s
subsequently used directly 1mn exposure control. Otherwise
(C<1), a low-pass filtering calculation i1s performed using at
least one precedingly obtained capture-objective brightness
value, and the result of this LPF processing 1s used 1n expo-
sure control.

With this embodiment, the low-pass filtering calculation
consists of multiplying the preliminary capture-objective
brightness value by C and the immediately precedingly
obtained capture-objective brightness value by (1-C), and
summing the results, 1.e.;

(8)

B = CxBrgc tomp H1=-C)XBrse .1

This completes the processing of step S130 of FIG. 3.

It will be understood that the effect of deriving the value of
C and then applying equation (8) 1s to:

(a) judge whether the amplitude of variations 1n a plurality
ol successively obtained capture-objective brightness values
(obtained up to the current point) exceeds a predetermined
limit value,

(b) 11 the limit 1s not exceeded, use the preliminary capture-
objective brightness value as a final value, and

(c) 1f the limait 1s exceeded, perform a low-pass filter cal-
culation, using the preliminary capture-objective brightness
value, and select the result of that calculation to be the final
value.

Next, i step S140, of FIG. 3, a decision 1s made as to
whether the capture-objective brightness value obtained in
step S130 1s within the dead zone. If it 1s judged that the
capture-objective brightness value 1s within the dead zone,
the processing 1s ended. If the capture-objective brightness
value 1s judged to be outside the dead zone range, step S1350
1s then executed 1n which a luminance control map 1s selected
(as described hereinabove referring to diagram (b) of FIG. 2)
in accordance with the capture-objective brightness value
obtained 1n step S130 and the luminance control target value
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which was determined 1n step S110. Exposure control 1s then
performed by setting the camera video amplifier gain and
shutter speed 1n accordance with the selected luminance con-
trol map. Execution of the processing 1s then ended.

The embodiment has been described above assuming that
cach of the luminance control maps have linear characteris-
tics. However the camera 21 may be operated in a HDR (lhugh
dynamic range) mode, 1n which the range between minimum
and maximum luminance values of the picture elements can
correspond to a wider range of scene brightness values than 1n
a normal mode. In that case, the luminance control maps may
become of the form shown 1n FIG. 16, with bends formed 1n
parts of the map characteristics. As a result of these non-
linearities of the luminance control map characteristics, com-
plex limitations may arise in the values of shutter speed and
amplifier gain that can be utilized. For that reason 1t 1s desir-
able that the degree of change 1n the extent of bending,
between adjacent luminance control maps 1s made small.

By using such luminance control maps for HDR operation,
when a sudden large change in external scene brightness
occurs (for example when the local vehicle enters a tunnel)
the time which elapses until appropriate control of the camera
exposure 1s achieved can be reduced.

The processing of FIG. 6 above, for dertving a capture-
objective brightness value for use 1n camera exposure control,
can be summarized as follows:

Step S131: Picture elements constituting a brightness mea-
surement region are extracted from a captured 1image 1n units
of picture lines, with respective luminance values of the
extracted picture elements being converted to brightness val-
ues.

Step S132, S133: For each of specific picture lines 1n the
brightness measurement region (1.e., picture lines which are
not excluded from further processing by thinming-out), the
average brightness of the picture elements of the line 1s cal-
culated.

Step S134, S135: For each of the non-excluded picture
lines of the brightness measurement region, a plurality of
average values which have been successively obtained for
that picture line are evaluated, and 1f the dispersion of these
average values exceeds a predetermined limit, time-axis aver-
aging 1s applied to that plurality of average values, to obtain a
current average value for use 1n further processing. The {il-
tering effect (degree of smoothing) 1s increased 1n accordance
with increasing distance of the external regions correspond-
ing to the picture lines.

Step S136: Weighted averaging 1s applied to the set of
average values obtained for respective picture lines, to obtain
a preliminary capture-objective brightness value. The weight-
ing values applied for respective picture lines are increased 1in
accordance with increasing distance of the regions repre-
sented by the picture lines.

Step S137: Low-pass filtering processing 1s performed
using the preliminary capture-objective brightness value and
at least one precedingly obtained capture-objective bright-
ness value, and either the result of this filter processing or the
preliminary capture-objective brightness value 1s selected as
a current measured brightness value, to be used 1n exposure
control. This selection 1s determined 1n accordance with the
extent of dispersion of successively obtained capture-objec-
tive brightness values (up to the current point).

With the described embodiment, each of the above opera-
tion steps S131~S150 1s implemented by processing executed
by a computer program. However 1t would be equally pos-
sible to implement at least some of these operation steps by
dedicated hardware circuits. These operation steps are related
to the contents of the appended claims as follows:




US 8,149,325 B2

17

The CPU 11, 1n executing the processing of step S131,
corresponds to extraction circuitry recited in the claims, while
in executing the processing of steps S132 to S1335 the CPU 11
corresponds to calculation circuitry recited in the claims. In
executing the processing of steps S136 and S137 the CPU 11
corresponds to measurement circuitry recited in the claims,
and 1n executing the processing of step S150 the CPU 11
corresponds to exposure control circuitry recited in the
claims.

Eftects Obtained

As can be understood from the above, with the exposure
control apparatus 10 of this embodiment, fluctuations 1n mea-
sured brightness values, e.g., due to the effects described
referring to FIG. 17, can be substantially reduced. This 1s
achieved by applying time-axis filtering to average brightness
values that are successively obtained for each of respective
groups ol picture elements (preferably, picture lines as
described above) of an image. In general, these brightness
fluctuations will occur most conspicuously in parts of a cap-
tured 1image that correspond to external regions (in a captured
scene) that are relatively distant. For that reason, the strength
of the time-axis filtering (degree of smoothing) 1s increased 1n
accordance with increasing distance of the external regions
corresponding to respective picture lines. Thus more stable
and reliable brightness measurement can be achieved, so that
improved exposure control can be achieved.

Furthermore with the above embodiment, a judgement 1s
made separately for each of the picture lines, as to whether or
not to apply such time-axis filtering processing, with the
judgement being made based upon the extent of dispersion of
a plurality of precedingly obtained average brightness values
of that picture line. Hence the time-axis filtering 1s applied
only when the extent of dispersion exceeds a predetermined
limit. This ensures that application of the time-axis filtering
will not result 1n an excessive lowering of the speed of reac-

tion to sudden changes 1n brightness 1n the captured images
(1.e., lowering of exposure control response speed).

Other Embodiments

The mnvention 1s not limited to the embodiment described
above, and various modifications or alternative embodiments
could be envisaged which lie within the scope claimed for the
invention.

With the above embodiment the exposure control appara-
tus 10 applies time-axis filtering to a plurality of successively
obtained average values of a picture line, only when 1t 1s
judged that the extent of dispersion of these average values
exceeds a predetermined limit. However 1t would be equally
possible to always apply such time-axis filtering to the aver-
age values obtained for each of the picture lines, without
making such a judgement.

Similarly, with the above embodiment, the exposure con-
trol apparatus 10 applies low-pass filter processing to derive a
capture-objective brightness value that will be applied 1n
exposure control, only when 1t 1s judged that the extent of
dispersion of precedingly obtained capture-objective bright-
ness values exceeds a predetermined limit. However 1t would
be equally possible to always apply such low-pass filter pro-
cessing, without making such a judgement.

Furthermore, although with the above embodiment, the
exposure control apparatus 10 extracts respective picture
lines (horizontal rows of picture elements) of each captured
image to constitute a brightness measurement region, it
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would be equally possible to extract groups ol picture ele-
ments for that purpose, 1n units other than picture lines.

Moreover, although the above embodiment has been
described for application to a system for performing warning
indication processing and steering control processing based
upon recognition of a preceding vehicle, the invention 1s not
limited to such a system, and could for example be applied to
a system for performing warming indication processing and
steering control processing, etc., based upon recognition of
white lines (tratfic lane markers) formed on a road surface.

Furthermore, the brightness measurement region of the
above embodiment 1s described only as an example, and an
appropriate form of brightness measurement region can be
configured 1n accordance with the requirements of a particu-
lar system.

What 1s claimed 1s:

1. An exposure control apparatus for exposure control of an
clectronic digital camera installed on a vehicle, said camera
disposed to periodically capture respective 1mages of an
external scene ahead of said vehicle, each of said 1images
comprising an array ol picture elements having respective
luminance values, and said exposure control apparatus com-
prising circuitry configured to convert said luminance values
to corresponding brightness values of said external scene in
accordance with a predetermined relationship between an
exposure condition of said camera, said luminance values and
said brightness values;

wherein said exposure control apparatus comprises:

extraction circuitry configured to extract from each of said

images a plurality of groups of picture elements to con-
stitute a brightness measurement region,
calculation circuitry configured to calculate respective
average brightness values of said plurality of picture
clement groups and, for each of said groups, apply time-
axi1s lilter processing to successively obtained average
brightness values obtained for said group, to thereby
clfect smoothing of variations 1n said average brightness
values,
measurement circuitry configured to calculate a capture-
objective brightness value based on respective average
brightness values obtained for said picture element
groups following said time-axis filter processing, and

exposure control circuitry configured to perform exposure
control of said camera 1n accordance with said capture-
objective brightness value.
2. An exposure control apparatus according to claim 1,
wherein said calculation circuitry 1s configured to increase an
elfect of said time-axis filter processing applied to respective
ones of said groups, 1n accordance with increasing distance of
external regions corresponding to said groups.
3. An exposure control apparatus according to claim 1,
wherein said measurement circuitry 1s configured to apply
low-pass filter processing using a plurality of successively
obtained capture-objective brightness values, for obtaining a
current capture-objective brightness value to be applied 1n
said exposure control.
4. An exposure control apparatus according to claim 3,
wherein said measurement circuitry 1s configured to;
obtain an amplitude of variations among a plurality of
successively obtained ones of said capture-objective
brightness values, and judge said amplitude inrelation to
a predetermined limit value of amplitude variation; and

selectively apply said low-pass filter processing 1n accor-
dance with a result of said judgement.

5. A non-transitory computer-readable medium compris-
ing 1nstructions for execution by a computer, the mstructions
including a computer-implemented method for controlling
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exposure of an electronic digital camera installed on a

vehicle, said camera disposed to periodically capture images

ol a scene ahead of said vehicle, each 1mage comprising an

array ol picture elements having respective luminance values,
the instructions implementing:

converting said luminance values to corresponding bright-

ness values of said scene 1in accordance with an exposure
condition of said camera,

extracting from each of said images a plurality of groups of

picture elements to constitute a brightness measurement
region,
calculating respective average brightness values of said
plurality of picture element groups and, for each of said
groups, applying time-axis filter processing to succes-
stvely obtained average brightness values obtained for
said group, with an effect of said time-axis filter process-
ing being increased 1n accordance with increasing dis-
tance of external regions corresponding to said groups,

calculating a capture-objective brightness value based on
respective average brightness values obtained for said
picture element groups following said time-axis filter
processing, and

performing exposure control of said camera 1n accordance

with said capture-objective brightness value.

6. An exposure control apparatus for exposure control of an
clectronic digital camera installed on a vehicle, said camera
disposed to periodically capture respective images of an
external scene ahead of said vehicle, each of said 1images
comprising an array ol picture elements having respective
luminance values, and said exposure control apparatus com-
prising circuitry configured to convert said luminance values
to corresponding brightness values of said external scene in
accordance with a predetermined relationship between an
exposure condition of said camera, said luminance values and
said brightness values;

wherein said exposure control apparatus comprises:

extraction circuitry configured to extract from each of said

images a plurality of picture element groups to consti-
tute a brightness measurement region;

calculation circuitry configured to

calculate respective average brightness values of said
plurality of picture element groups,

for each group of said plurality of picture elements
groups, obtain an amplitude of dispersed fluctuations
in average brightness values within a plurality of suc-
cessively obtained average brightness values corre-
sponding to said group,

judge said amplitude 1n relation to a predetermined limait
amplitude, and
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selectively apply time-axis filtering processing, for
obtaining a current average brightness value corre-
sponding to said group, 1n accordance with a result of
said judgment, to thereby effect smoothing of varia-
tions 1n said average brightness values;
measurement circuitry configured to calculate a capture-
objective brightness value based on respective average
brightness values obtained for said plurality of picture
clement groups following said time-axis filter process-
ing; and
exposure control circuitry configured to perform exposure
control of said camera 1n accordance with said capture-

objective brightness value.
7. An exposure control apparatus for exposure control of an

clectronic digital camera installed on a vehicle, said camera
disposed to periodically capture respective 1mages of an
external scene ahead of said vehicle, each of said images
comprising an array ol picture elements having respective
luminance values, and said exposure control apparatus com-
prising circuitry configured to convert said luminance values
to corresponding brightness values of said external scene in
accordance with a predetermined relationship between an
exposure condition of said camera, said luminance values and
said brightness values;
wherein said exposure control apparatus comprises:
extraction circuitry configured to extract from each of said
images a plurality of picture element groups as respec-
tive picture lines each comprising a horizontal row of
picture elements to constitute a brightness measurement
region;
calculation circuitry configured to
for each picture line of said respective picture lines,
obtain an amplitude of dispersed variations in average
value brightness values within a plurality of succes-
stvely obtaimned average brightness values corre-
sponding to said picture line,
judge said amplitude 1in relation to a predetermined limit
value of amplitude, and
selectively apply time-axis filtering processing, for
obtaining a current brightness value corresponding to
said picture line, 1n accordance with a result of said
judgment, to thereby effect smoothing of variations 1n
said average brightness values;
measurement circuitry configured to calculate a capture-
objective brightness value based on respective average
brightness values obtained for said picture element
groups following said time-axis filter processing; and
exposure control circuitry configured to perform exposure
control of said camera 1n accordance with said capture-
objective brightness value.
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